ABSTRACT
priate implants restricts forearm rotation. Simultaneously, wrist and elbow joint movements are affected negatively. Due to functional and anatomic features, forearm diaphyseal fractures are different from diaphyseal fractures of other long bones and must be evaluated as intraarticular fractures, with treatment planned accordingly. [1, 2] Conservative methods are not recommended for these fractures, which are relatively rare in adults. [3] The deforming effect of muscle strength, continuity of the radial incline, and intraosseous membrane damage are significant factors that affect the stabilization and maintenance of a reduction. [4] It is almost impossible to achieve sustainable and stable fixation with conservative treatment. The basic aim of treatment is to provide axial alignment and rotational stability. Open reduction and internal fixation (ORIF) is a widely used and accepted treatment method that is associated with high rates of union and satisfactory functional results. However, open application of the method has attracted some criticism. Problems such
INTRODUCTION
Forearm supination and pronation movements are initiated from the proximal and distal radioulnar joints. Therefore, the radius and ulna have an important role in the movement of not only the forearm but also the whole upper extremity. Treatment of forearm fractures with insufficient or inappro-as cosmetic issues, drainage of the fracture hematoma, the risk of soft tissue and periosteal damage, and skin irritation of implants, particularly in ulnar fractures, have been reported. The criticized aspects of ORIF have made it controversial as a standard treatment method. Along with traditional treatments for forearm diaphyseal fractures, an ongoing search for an alternative treatment method is being conducted. Generally, nonspecific intramedullary (IM) implants have been used as an alternative treatment method. Because they do not have locking and compression features, these materials cause high rates of nonunion; therefore, their use has been abandoned. Current IM forearm nails have emerged with locking and compression features. The use of this method in treatment is increasing with union rates similar to those of ORIF and very good functional results. [5] [6] [7] [8] In this study, we conducted a retrospective examination of adults who underwent ORIF and IM nailing for forearm diaphyseal fractures. We compared the two treatment methods with respect to union status, functional and radiological results, and patient satisfaction.
MATERIALS AND METHODS
We conducted a retrospective evaluation of adults with complete skeletal maturation who underwent ORIF or IM nailing because of an isolated fracture of the ulna and/or radius. Approval for the study was granted by the Institutional Review Board. Written informed consent was obtained from all patients. A total of 130 patients treated between 2008 and 2014, with at least 1 year of follow-up, were contacted by telephone and invited to attend the hospital. Of 110 patients who accepted the invitation, 90 met the criteria for inclusion in the study, which was conducted at a single center. Two surgeons performed ORIF and two performed IM nailing. Table 1) . The limited contact dynamic compression plate (LC-DCP) was used in plate osteosynthesis, and newly designed radius and ulnar screws were used in IM fixation.
Union was evaluated radiologically as bridge callus formation or the absence of a fracture line and clinically as lack of pain on the fracture line. Nonunion was considered when no bridge callus formation was observed after 6 months of follow-up. Functional results and union evaluation were made according to the Grace-Eversman [10] criteria. Patient satisfaction was evaluated with the Disabilities of the Arm, Shoulder, and Hand (DASH) [11] questionnaire on the basis of physical activity in the previous week and satisfaction level. In patients with fracture of the radius and fractures of both bones, the maximum radial incline (MRI) and maximum radial incline localization (MRIL) were measured [3] (Fig. 1 ).
Joint range of movement was evaluated goniometrically. With the elbow in 90° flexion, the forearm pronation and supination angles were measured. Grip strength was measured with a hydraulic hand dynamometer (SAEHAN Hydraulic Hand Dynamometer [SH5001], Gyeongnam, South Korea). With the patient in a sitting position, the shoulder neutral in abduction, the forearm and wrist neutral, and the elbow in 90° flexion, separate measurements were taken of the treated and healthy forearms.
Patients' preoperative demographic information and postoperative follow-up data were obtained from the hospital database. Data related to operating time, amount of blood loss, fluoroscopy time, and complications were obtained from the surgical records. Radiological data were evaluated using the radiographs taken at the 6-month follow-up examination. Union was evaluated on AP, lateral, and oblique radiographs. Callus formation in four cortices was evaluated as union. The Grace-Eversman criteria, joint range of motion (ROM) measurements, and grip strength measurements were obtained for all patients from the postoperative 6-month data. The DASH questionnaire was applied and scored at the final follow-up examination.
Surgical Technique
All patients were treated within 1-5 days of presentation; mean 1.67 (range, 1-5) days in the plate group and 17.42 (range, 6-48) h in the IM nailing group. All patients received 1 g cefazolin intravenously at 30 min preoperatively. For the application of IM nailing, the patients were positioned in a supine position on a radiolucent operating table. A tourniquet was applied in the ORIF operations but not in the IM method.
Operations on patients with a forearm double fracture were started from the ulna. Closed reduction was attempted under fluoroscopy on all fractures before starting the application of IM nailing. With the forearm in a neutral position, a 2-cm longitudinal skin incision was made from the most prominent point of the olecranon while the elbow was in 90° flexion. A 2-mm-thick K-wire was advanced IM from a point 6.5 mm proximal and 3 mm lateral to the most prominent point of the olecranon. [12] After drilling IM for 5 cm proximally with a cannulated drill over the K-wire, the prepared nail was advanced as far as the fracture line with partial rotation. In patients where fixation was obtained with closed reduction, the nail was advanced as far as the most distal point. In patients where closed reduction could not be achieved, fixation was obtained with partial open reduction from the fracture line. The forearm was positioned neutrally with distal and proximal locking. In fractures requiring static locking, double cortex distal locking was applied with a sufficient number of 3-mm cortical screws. Depending on the fracture stability status from the proximal, single cortex locking was performed, or compression was applied (Fig. 2a) .
For radial fractures, a 1-1.5-cm longitudinal skin incision was made at least 1 cm proximal to the distal joint space from the lateral aspect of the distal metaphysis (Lister tubercle lateral). The extensor carpi radialis longus and brevis (ECRB) tendons were located. The ECRB tendon sheath was opened longitudinally with a blunt dissection. The first entry into the second extensor compartment was made with an awl perpendicular to the radial metaphysis. The first entry area was widened by targeting the medullar cavity with a curved awl. A nail of specified appropriate length and diameter was advanced with a nail holder with partial rotational forces. When the tip of the nail reached the fracture line, we checked whether the nail had been advanced intramedullarly using fluoroscopy. It was advanced until a final push achieved full contact of the nail with the distal radial metaphyseal cortex. fractures, a transcutaneous incision was made. [1] The fracture line was reached with controlled surgical dissection and control of bleeding. Care was taken not to strip the periosteum excessively. The plate used as fixation material was a 3.5-mm LC-DCP. A plate of appropriate size was selected according to the fracture type and degree of fragmentation. We applied compression AO principles based on the fracture line (Fig. 2b) . Fixation was made with a minimum of three screws holding at least six cortices distal and proximal to the fracture line. Following fixation and bleeding control, an aspirative drain was placed in the surgical area. The drain was removed on postoperative day 2. No graft was used in the primary surgery of any patient in either the plate or IM group. In patients who underwent IM nailing, early-stage ROM exercises were started without immobilization. In the plate group, ROM exercises were started following 2 weeks of splint immobilization.
Statistical Methods
In the data analyses, SPSS v.20 computer software was used. Data were stated as number, percentage, mean, and standard deviation. Conformity of the data to the normal distribution for the variables included in the analysis was analyzed with the Kolmogorov-Smirnov test. Spearman's correlation analysis was used to evaluate the correlation between parameters. Nonparametric data on the plate and IM nailing groups were compared by means of the Mann-Whitney U-test. Parametric data were analyzed with the Student's t-test. A value of p<0.05 was accepted as statistically significant.
RESULTS
Fractures were in the right extremity in 19 (45.2%) patients and in the left in 23 (54.8%) in the plate group, compared with 28 (58.3%) and 20 (41.7%), respectively, in the IM nailing group. The etiology of the fractures was a traffic accident in 15 (35.7%) cases, a fall in 10 (23.8%), a sporting injury in 9 (21.4%), an industrial accident in 5 (11.9%), and impact in 3 (6.25%; Table 1 ).
There were 16 (38.1%) patients with a fracture of both bones, 14 (33.3%) with a radial fracture, and 12 (28.6%) with an ulnar fracture in the plate group, compared with 18 (37.5%), 15 (31.25%), and 15 (31.25%), respectively, in the IM nailing group. According to the Gustilo-Anderson [13] open fracture classification, 8 (19%) (Table 2) . A statistically significant difference was determined between the two groups (p<0.05). Bone union was achieved at 100% in the IM nailing group and at 97.6% in the plate group (Fig. 3, 4) . Mean operating time was 63.29 (range, 40-100) min in the plate group and 46.02 (range, (Fig. 5) .
No iatrogenic bone, tendon, vascular, or nerve damage developed in any patient in either group during the operation. Postoperative superficial infection developed in two patients in the plate group, which recovered with antibiotic therapy. In one patient, nonunion was observed in the postoperative month 8, so autogenous bone graft taken from the iliac wing was applied with plate osteosynthesis. In the IM nailing group, in one patient, superficial infection was treated successfully with antibiotic therapy.
In one patient at 4 months postoperatively, rupture of the extensor pollicis longus (EPL) tendon developed as a result of wear from the nail tip. Tendon repair was applied using an autograft from the ipsilateral palmaris longus. At the final follow-up examination, the patient had no subjective complaints.
No mechanical irritation, implant failure, synostosis, or compartment syndrome developed in any patient in either group. In four patients in each group, the implant was removed on patient request at mean 23 (range, 20-28) months. No refracture was observed in the follow-up period.
DISCUSSION
The current treatment for adult forearm diaphyseal fractures is surgery. The traditional surgical method is ORIF. [14] Aspects of the method have been criticized, and there are complications. Therefore, it is not a standard treatment method. [8] The search for alternative methods to ORIF has been ongoing in the historical treatment process. Although IM implants have been attempted from time to time as an alternative treatment, due to poor results, this has not been used sufficiently. Intramedullary treatment was reported first in 1913 [14] using nonspecific materials (first generation) such as the K-wire, rush pin, and Steinmann nail. Sufficient rotational stability could not be achieved with these materials. Intramedullary treatment used as a support caused high rates of nonunion. The first nail design to take the forearm anatomy into account (second generation) was by Sage in 1959. [15] The nail was designed with anatomic features than enabled it to maintain rotational stability. However, there were no locking or compression features. As fracture stability could not be achieved, additional fixation materials were required, and high rates of nonunion were seen; thus, IM implants did not find a place of sufficient use in treatment. Just as it is today, ORIF has always been an acceptable treatment method. However, this has not prevented researchers from developing new IM implants, which have been designed with anatomic and biomechanical analyses of the forearm bones as references (third generation), and very good clinical and radiological results have been obtained. The possibility of stronger rotational stability is provided with the anatomic design of third generation nails and the locking and compression effects. [16] [17] [18] [19] The basic aim of surgical treatment of forearm diaphyseal fractures is to provide stable axial and rotational fixation. To achieve excellent rotational results, the acceptable axial angulation must be <10°. [3] Even if radial bowing and the interosseous gap are fully restored, it has been reported that rotational functional results could be limited. [20] Anatomic reduction is obtained with open reduction, which results in optimal repair of axial alignment, radial incline, and the interosseous gap. Forearm IM treatment differs from nail application in other long bones, as there are no anatomical landmarks providing guidance for rotational alignment.
In fluoroscopic imaging of rotational reduction, the continuity of the cortical distance in the distal and proximal areas of the fracture can be evaluated. There is little subcutaneous tissue support of the ulna. In IM treatment, axial and rotational alignment can be checked with palpation. However, in ORIF, it may be necessary to remove the implant because of mechanical irritation of the plate and screws. Greater soft tissue support in the radius makes correction of reduction and radial bowing more difficult. [21] There are two curvatures in the coronal and sagittal planes of the radius. [22] It is necessary to take these curvatures into account when preoperatively shaping the nails to appropriate IM anatomy. In the current study, the radius nails were parabola shaped. With a titanium elastic structure and the 3-point principle with parabolic shape, rotational stability was achieved. In addition, by conforming to the radial bowing, the optimal interosseous space was formed.
Few studies have compared ORIF and IM nailing treatment results in forearm diaphyseal fractures. These studies have compared, in particular, union status, time to union, and functional evaluation criteria. Anatomic or close to anatomic reduction is obtained with ORIF. Axial and rotational rigid, stable fixation is obtained. However, drainage of the fracture hematoma has negative effects on union, and it has been reported that excessive soft tissue and periosteal stripping could cause union problems. It is known that, as a result of the super periosteal pressure of conventional plates, osseous feeding is impaired, which has a negative effect on union. However, this risk is reduced with the LC-DCP plate. The risk of refracture is increased due to cortical atrophy, which develops in the screw application areas. It is necessary to apply immobilization, regardless of the stability of the fixation. Cosmetic problems may also develop associated with the surgical approach. [5] [6] [7] [8] Surgical intervention causes more bleeding. For the provision of open reduction, there is no fluoroscopy guidance and therefore no exposure to radiation. Despite the stated advantages and disadvantages of the method, union rates of 87%-98% are reported. [3, 4, 7, 10, [23] [24] [25] 27] Time to union has been reported as between 7.4 and 33 weeks. [23] [24] [25] [26] [27] Functional evaluation results generally are at a satisfactory level. In the plate group of the current study, union was achieved at a rate of 97.6% at a mean of 13.19 (range, 10-20) weeks. Bleeding in the plate group was measured as mean 84.04 (range, 40-250) ml. The mean operating time was 63.29 (range, 40-100) min. In one patient with nonunion, grafting from the iliac wing and plate osteosynthesis was applied. Union was achieved 6 months after the second operation. Intramedullary nailing causes less soft tissue damage in the surgical application and provides cosmetic superiority. The amount of bleeding during surgery is lower. Intramedullary implants generally have the property of stress distribution, and stronger callus tissue is formed. An important cosmetic advantage is that the implant can be removed from the same incision. Length is protected in segment forearm fractures. However, exposure to radiation is a significant disadvantage in IM nailing applications, and the immobilization period is shorter. Nailing treatment is contraindicated in patients with an open epiphysis line when there is active infection and in those with IM diameter <3 mm.
In IM applications, union rates of 94%-100% and time to union of 10 weeks to 4.4 months have been reported. [12, 16, 17, 28] Good functional results have been reported similar to those of plate osteosynthesis. In the IM group of the current study, 100% union was obtained at a mean of 10.85 (range, [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] weeks. The amount of bleeding in the IM group was 37.91 (range, 10-100) ml. The mean operating time was 46.02 (range, 17-85) min. A statistically significant difference was determined between groups with respect to time to union, amount of bleeding, and operating time. No statistically significant difference was determined with respect to radiological and functional results (Grace-Eversman criteria, DASH score, grip strength, MRI and MRIL values, and functional joint range of movement; Table 3 ). The shorter time to union of the IM method compared with that of ORIF could have been due to not draining the fracture hematoma and early mobilization. As the IM method is less invasive, the amount of bleeding is reduced. The stage of controlled exposure in ORIF was thought to have prolonged the operating time.
The areas of application of both treatment methods carry potential risks. In proximal radius diaphyseal fractures, the posterior interosseous nerve is at risk. [29] There is a risk of damage in open reduction during surgical exposure and in IM treatment during locking. Careful surgical exposure in open reduction can reduce the risk to a minimum. In radius nails with proximal locking, the risk can be reduced to a minimum with locking made in a neutral position with the screw 3 cm distal to the radius head. [17] Iatrogenic fracture may be caused by the use of a nail with a larger than normal diameter and rotational instability by the use of a small nail. In the area of nail application in the radius, the EPL and superficial branch of the radial nerve are at risk. [30, 31] In the current study, EPL tendon rupture developed in one patient at 4 months postoperatively as a result of friction from the nail tip. Tendon repair was made with palmaris longus autograft and at the final follow-up examination, the patient had no subjective complaints.
The removal after union of the internal fixation material used is controversial. In open or fragmented fractures or those that have resulted from high-energy trauma, when there is insufficient compression or reduction in fragmented fractures and when there is another fracture in the same extremity, the rate of refracture has been reported to increase. [32, 33] It has been reported that removal of the fixation material at 8 months postoperatively reduces the rate of refracture, [33] and refracture could be observed at 2-24 months after implant removal. [32] In the current study, implants were removed on patient request in 4 (9.5%) of the plate group and 4 (8.3%) of the IM group. No cases of refracture were observed during the follow-up period.
There were some limitations to this study, the most important of which are that the number of patients was low, and the study was retrospective. A non-standardized follow-up period is a general deficiency of retrospective studies. Furthermore, it is difficult to obtain simultaneous data. With the exception of the DASH score, all data are the findings of the 6-month follow-up examination. We aimed to standardize the radiological data by using data obtained from the evaluations at the same time point for all patients. The distribution of heterogeneous fracture bone type (isolated fractures and both bone fractures were included) is a significant limitation. The selections of treatment method and evaluation methodology cause conflict in retrospective evaluations. The treatment choice is explained by the routine treatment protocols of the surgeons. The patient evaluation forms created were routine data, independent of personal interpretation. Future prospective studies conducted on a greater number of patients in multiple centers, comparing homogenous fracture types would be able to make a greater contribution to the literature.
Conclusion
The current treatment method for adult forearm diaphyseal fractures is plate osteosynthesis. The results of the current study showed IM nailing treatment to be superior to ORIF with respect to operating time and time to union. However, no difference was determined between the two methods according to the functional evaluation criteria. Radiologically, plate osteosynthesis is superior in restoration of MRI and MRIL. However, a statistically significant relationship was not detected between supination and pronation with MRI and MRIL. Due to the shorter time to union, shorter operating time, and cosmetic advantages, IM nailing treatment can be ORİJİNAL ÇALIŞMA -ÖZET
